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Pfttentanspriicbe: 

1. V^ahrefl zam rasdien Abkfihlen fnsck aus 
einer Glassdimelze in dne I^rnxzooe und vtm da bei 
nocfa hober Temperatur in dne Obergangszone 
gezogenm Ghs in Fom vcm Tafdn. Bindern a dgL 
bs zur Fonnlaltigkdt flber die gesamte Glasbrdte 
unto- Berudcsiditiguag tmtersduedlidter IKdce. 
dadurch gekennzeicfanet. daBdnsidiaus 
fiiehreren uber die gesamte Glasbrdte rddieiKieii. 
unabhflngig voneinander dozdn regelbaren Stitk 
mungen zusammeosetzender, mh hoher Gesdiwin- 
dSgkdt Untgs zur Ziehridituzig gleichnmug oder 
entgqgengeseczt flieBender Kflhlmlttelstrom unab- 
vcxii der Eiittdr^ehing auch io sdner 
Gesamtgesdi windigkeit regettwr ist 

Z Vorriditung zur DtirciifBbrung des Verfahrens 
gemiB Anspruch U dadurdi gdcennzdchnet, dafi dn 
dem frisch gczogenm Glas gegenuberltegendes 
Gehause (10) eine Wand (28) aus einem Material 
grofier Wamieldtfahigkdt, niedriger Wfirmedehung 
und starker Wfirmea^trahKing von der ROcksdte 
aufweist, deren Rikrksdte eine verftnderlidie Durdi* 
laBspalte (48) mr den Kuhlmiudstrom Ober die 
gesamte Giasbreite begrenzt 

3. Vornchtung gemaB Anspoidi 2, dadurch ge- 
kennzeidinet, daB die Andening der Gesamtge* 
schwtndigkdt iibcr dne die Einzelleiiungen fQr die 
Einzelsiromungen versorgende Sammelldtung er- 

4. Vorriditung gemftD Ansprudi Z dadurdi ge- 
kennzddinet daB die Anderung der Gesamtge- 
schwindigkeit durch Verandening der Brdte der 
Durclilafispalte vorgenommen wird 

5. Vorriditung geniaB Anspruch 4. da(hirch ge- 
kennzeidinet, daB .die PrettenSndening der Durdi- 
laB^alte durdi Versdiieben von Heizmiltel (72) fiir 
die Ubergangszone tragenden Heizbldcken (64) auf 
Schienen(Q6) vorgenommen vdrd. 



Die Erfindung betrifft dn Verfahren und eine 
Vorriditung zuni rasdien, stcuerbaren. gteidimfiBlgen 
Abkflhlen von frisdi aus der Sdixndze gezogenem 
Fladiglas, wie Glastafeln, Glasband u.dgL bis zur 
FormhaltigkeiL 

Bdm Ausdehen von Flachglas aus einer Sdimdze 
mufl das als Tafei, Band u.dgL frisdi gezogene Glas 
gekflhlt und sdne Viskosit&t so weii crhoht werden, daS 
es bdm Ziehen nkrht reiBt und seine Form behalL 

Zur Erziehmg e'mer glektoaBigeren Didce des nodi 
wddien Glasbands sind Vorriditungen bekannt, welche 
wahrend des Zehens die Banddidte in Querriditung 
messen und bei Abwdchungen die Warmezufuhr 
entsprechend erhdhen, z. B. durdi jeweils quer fiber die 
gesamte Bandbrdte verlaufende. einzeln regelbarc 
Hdzer (DT-PS 1225826). Hierdurdi soli* quer zur 
Ziehriditung die Glasdtdcc gesteuerl werden. das 
Problem der gJeUrhmaBigen, rasdien Verfestigung bis 
zur Formhdtigkeit wird hierdurch aber noch nidit 
einwandfreigddsu 

FQr die Erstarrung der Glasraasse bis zur RdBfestig- 
keit und Formhaltigkelt des gezogenen Glases wurde 
bisher mdst die ganze Tafd rait einero Luftstrom oder 
durdi der Glasfl&die gegenuberiiegende WasserkOhler 
gekflhlt (US-PS 12 23 502X Hierbd entstehen aber dne 



unglddimaBtgs AbkOUung verursadiende Strftmun- 
gen; insbesoadere kdmien durdi IConvektkHisstr&raun- 
gen'an deo W&nden der ICuhlgdduse kamiinrtige. 
ungiddi kfihleflde Str5muQgen entstebea Daduidi 
5 kaanen nidit our sparniungserzet^gende Berddie 
un^eB^unflBiger Verfestigung entsteben, scHidem es 
kann darOber hioaus die im wddien Giasberddi 
vorgenomroeae, gesteuerte WfianebeaufsdiJagung und 
die daduidi angestrebte GlddunaBigkeit der Dkke der 
10 Giaslfifdwiederverloraigehen. 

Zitr Erddung dner glefehjnifiigeren Kfihiung sdiJ^ 
die DT-PS 12 25 827 eineo Behiiter fOr dBe Kublflussig- 
keit mit eineni Oberzug aus einem fein vendlten. 
gesinterten, stark ^rmeabsoiblereiiden, feuerfiesten 
15 Materidvor. Hierdurdi wird zwar dne WinnereflexiOT 
durdi MetaBtdle des Gehluses auf das Glasband 
vennieden. jedodi besteht immer nodx die Gefahr 
unglddimaBiger KQhiung durch untersdiied&he Was- 
sertemperaturen am Ebilafi* bzw. AusIaBende des 
2o Gdifiuses* Audi sind der fur dne rasdie, formhaltige 
Verfestigung erfbrderlidien JCBhlgescfiwindigkdt 
Grenzengesetzt 

' Zur Vermddung der eine ungiddimaBige KGhlung 
bedin^-enden kalten Luftstr&mungen wird dtese Kalthjft 
25 nadi dem Vorschlag der US-PS 32 38 033 durch 
OfTnungen in der dem Glasband gegentlberiiegenden 
Wflrmeaustausdiflfidie abgesaugt fedodi erscheint es 
giinstiger, unerwOnsdite Konvektionsstromungen m6g- 
Ikrhst gar ntdit erst entstehen zu lassen und die Clastafel 
30 so rasdi und gesteuert zu kuhlen, daB entweder bereits 
ausgeglidiene Didcen&nderungen nidit wieder entste- 
hen. Oder in diesem Stadium so berucksiditigt werden. 
daB die ganze Tafd rasd) und glddimSfiig formhaitig 
und reiBfest ziehbar veif esdgt wird 
35 Die Erfindung hat zur Aufgabe. dies zu errdcherL Zur 
Ldsung dieser Problemstelhtng sidit das Verfahren der 
Erfindung vor, daB ein sidi au& mehreren <iber die 
gesamte Glasbrdte rcidicnden, unabhfingig voneinan- 
der einzeln regelbaren Strdmungen zusammensetzen- 
40 der. mit hoher Gwhwindigkeit UUigs zur Ziehrichtung 
glddisinnig oder entgegengesetzt flieBender KQhimit- 
tdstrom unabhiriglg von der Einzdregehing auch in 
sdner Gesam(gesdiwindfgkdt regelbar isL 
Zur Durchfahrung dieses Verfahrens bri^gt die 
4S ErTindung dne Vorriditung in Vorschlag. In welcher ein 
dem frisch gezogenen Glas gegenuberiiegendes Gehau- 
se eine Wand aus einem Material groBer W& mddtfa- 
higkrlt, niedriger Wflrmedehnung und starker Wftrme- 
abslrahlung von der RQcksdte aufweist, deren Rticksei- 
50 te dne verfinderiiche DuidilaBspalte far den ICfihhntt> 
tehtrom fiber die gesamte Glasbrelte begrenzt in den 
Zeichnungen zdgen 

Fig. 1 dne die erfindungsgemfi&e Vorrichuing 
enthaltende Glasdehvorrichtung in Frontansicht und 
55 tdlweiseimSchmttinderObergangszoDe, 

Fig. 2 im Schnitt eines der GehSuse mit der 
erfiiidungsgemflBen Vorrichtung. 
F i g. 3 das Gehfiuse der F i g* 2 in Sdtenansicht, 
F i g. 4 die gegenOberHegenden Gehfiuse in Aufek:ht 
60 In der F i g. t sind in der zwischen der Glastafelfonn- 
zone 14 und der AnlaBzone 16 liegenden Ob<^rgangszo* 
ne 12 die gegenflberiiegcnden. luftgekOhlten Gehftuse 10 
angeordnet In der Formzone wird geschmolzenei Glas 
C durch eine Formoffnung oder uber dnen Fomikeil 
65 mil gedgneten Kantenrollen 18 zu einer Glastafe! S 
ausgezogen. Mdst dnd die feuerfesten Gehause 20 urn 
die Formzone 14 mit zusStdichen Kfihlem versehen, urn 
dne gleichmiBige Starke Qber die gesamte Tafdbrdte 
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2u erzieleiv solange das Glas nodi geschmohen oder 
teils gesdunolzeii ist 

Obgleich die Dicke der friscfaen Glastafel 5 in der 
Formzone festgel^ wird, mii5 in der Obergangszone 
eine ausrdchende Mcf^e W&rmetnergie von der 5 
Glastafel abgezogen werdea damh das Glasband beim 
Eintreten in weitere Zonen, insbesondere in die 
Aniafizone 16 und betm eracuten Erhitzen iniaki bleibt 
Der Triger aus fcuerfestem Material 22 kann cbenfalU 
hohl ausgelnkiet und nut ICQhlmittein versehen iein. lo 

Mdgfi;:!! ist audi die Ausbildung des TrSgers als em 
wetteres Obergang^eh&use 10, da sich bei irehreren* 
Qbereinander gestapelten mit geirennter Temperaturre- 
gehing versehenen Gehiusen die Notwcndigkek eines 
gesonderten AnIaBofens erQbrigt 15 

Die beiden gegenuberiiegenden Qbergangsgehause 
to der Fig. I sind einander gleidu so dafi nur eines 
besdirieben wmL Es wird von dnem Traggerust M» 26 
abgestutzt und besteht aus der Stimwajd der Decke 
3a dem Boden 32, der ROcLwand 34, den Endbldcken 36 
(Fig. 4) und bildet eine DurchlaDspaLte 38 Tur das 
KQhlmiueL Wie die Pfeiic der F i g. 2 andeuicn, wird das 
KdhlmitteL z. B. Lufl durch eine mit eineoi Drahtma* 
sdienfiher 42 versehene EinlaGsammelleilung 40. die an 
einer Konsole 46 der RQdcwand 34 befcstigt ist und mit 
ausgeriditeten, durch die (Console und die Rtickwand 
gehenden EinbBdffnungen 44 verbunden ist. in das 
Geh^use lOgesaugt und strdmt durctidie Durchlolkpal- 
tc 38 und die in der Konsole 46 und der Rilckwand 34 
angcbraditen AuslaB6ftnungen 50 wiedcr aus. 30 

Durch die Abteihingen 52 der Konsole 46 wcrden 
entlaitg der ROckseite der Gehause 10 mchrerc. z. B. 
funf an AuslaBleitungen 54 angeschlossenc AuslaOofr* 
nungen SO gebildet Die AuslaBleitungen 54 emhalten 
zweckm&Big die zur Vcreinfachung der Zeichr^ung nur 35 
in der F i g. 1 g^eigten Regelventile oder -schicbcr 56 
und sind an eine mit einem Hauptregelvenni oder 
-schieber 60 ausgestattete AuslaBsammcllciiung 58 
angeschlosseiL Die Lufi wird z.B. durch eine an die 
Samraelleiuing 5S angeschbssene Saugpumpe oder 40 
ahnliche. em Tenvakuum erzeugende Vorrichtung, 
durch das Gehause 10 gerdrdert 

Das GehSuse 10 enihSIt auf den Schtcnen 66 
verschiebbare Heizblocke 64. Diese bestehen aus dcm 
feuerfesten Kdrper 68 in einem Metalif ehguse 70, mit 45 
einem. mit den in Isolatoren 76 angeordneien 
Heizelemcnten 74 versehenen vordcrcn Tell IX und 
einer uber die gesamte Breite reichenden Rflckenplatte 
78 mit einem Paar Stellbldcken TO, die je einen Haltering 
82 mit einer EinsteUschraube 84 tragen. £tn fester Block 50 
86 ist an der Konsole 46 befestigi and mit den 
Stellbldcken 80 ausgerichteL Eine der Stellschraubcn ist 
in den Block 86 geschraubt, so daB die BkxHcanordnung 
64 endang den Schicnen zur Ver^ndenjng der 
Spaltbreite der Spalte 48 und damli der Geschwindig- ss 
keit^ndemng des Luftstroms verschoben werden kann. 

Die ArbeHswdse bt fotgende. Aus der Glasschmeize 
G wird in der Fonnzone 14 die Glastafel 5 gezogen und 
mit den Kantcnrollen 18 weiter in die Obergangszone 
12 gefardert. Hier wird der Glastafel cin erhcblicher 60 
Teil Wfirmeenergie enizogen, so daB sic weilgehend 
erstarrt und bei der Weiterbeffirderung in die 
AnlaBzotie 16ihre Form beihchMlt 
Durch das Gcblilse 62 wird bei enisprechcnder 



Einsteilung des llauptventils 60 normalerweise ein 
Unterdruck io der Sammelleitui^ 58 erzeugt so daB 
durch die Sammelieitung 40 und die EnlaBdffnungen 44 
Luft in das Gehftuse gesaugt wird, die Iftngs zur , 
Glasziehrichtung durch dk Spalte 48 entlang der z. B. 
aus StUziumcarbid bestehendra Stimwand iiber die 
AuslaBdff nungen SO und Leitungen S4 wteder ausstr6mt 
Da jede Auslafileitui^ 54 mit einem Regelventil 56 
versehen und mh einer Obcr ehie bestimmie Breite bzw. 
ein Segment des GehSuses rdcbenden AustaBdffming 
50 verbundec ist. kann der die einzelnen waagerechten. 
Teiinfichen der Sumwand 28 bestrekHiende Luftstrom 
fur jeden Bereidi einzein eingesteUt und geregelt 
werden. Damit ei^t sich die MOglichkdt. z. B. cOe 
meisi siarkeren Kanien oder Randteile der Glastafel 
starker und damit das gesamte Glastafelvolumen 
glekAmaBig zu kflhlen. Hierzu werden z. B. die Ventile 
56 der die Tafelrander bestrekhenden Uitungen 54 
weiter gc5ffnet als die flbrigen Veniile. Andere 
MdglKhkeiten, unlerschiedliche Kflhlmlnelgeschwin- 
digkeiten einzusiellen, ergeben sich dem Fachmann. Die 
verschiedenstcn Glasformen sind hierdurch gleichma- 
Big kflhlbar wie z. B. keiirdrmige Glasbahnen. die an der 
Keilbasis starker gekOhli werden mussen. 

Durch den KQhlmittelstrom wird der Stimwand 28 
und dadurch der Glastafel WBrme entzogcn. Die 
Stimwand besteht daher zweckmaBig aus einem > 
Material hoher Emissivitat. so daB es die von der 
Glastafel abgestrahltc Warme gut absorbieri: hohcr 
Wiirmelcitfahigkeii.sodaBdic absorbicric Warmecner- 
gie rasch auf die Ruckseitc der Stirnwand geleitct und 
vom Kuhlmittel aufgenommen wcrden kann: und, 
nicdrigcr Warmedehnung. um gegenuber der Glastafel , 
eine ebcnc, vcrwerfungsfreie Glasflache zu behalten. 

Die Ehreite der DurchtaBspaltc 48 in dcm Raum 38 des 
Gehauses 10 ist einstellbar, z. B. durch Verschiebcn der 
Blockanordnung 46 entlang den Schi jncn 66 vcrmittels 
der Siellschrauben 84. Damit ist die Sirflmungsge- 
schwindigkeit des die ROckscue der Stirnwand ffl 
bcstreichenden KOhlmittels rcgclbar. /. B. zwecks 
Anpassung an verschiedenc Glasziehgcschwindigkei- 
ten. Eine weitere Regelung ist durch Einsteilung des 
HauptventilsOO mdglidL 

Der nicht unbedingt erfoTderlichc, abcr gOnstige 
Heizcr 72 kann durch Betatigung der Hcizclementc 74 
die Obergangszone 2. B. zur Einbringung des Glasbands 
bei Beginn der Arbeit, oder im Fallc cincs Bandrisses 
bcheizcn* 

Die beispielsweise Hlr das Abwanszichverfahren 
beschriebcne ErFmdung ist cntspcKrhcnd im Auf warts- 
zichverfahren anwendbar. 

Die Verwendung des Unierdrucks ist zwar hcsonders 
gunstig, weil ohnc wcitcrcs der das Glas unier 
Umsianden besch&iigendc L^ftablaB in die Obergangs- 
zone vermieden wird. Bei entsprechenden Vorsichis- 
maBregcJn kann abcr auch Ubcrdruck verwendei 
werden. 

Femer kann der DurchfluB auch gleichsinnig anstatt 
im an sich bevorzugtcn Gegenstrom crfolgcn. Da die 
Obcrgangsgchausc getrcnnt regelbar sind, kdnnen auch 
mchrerc UbergangsgehSuse zu bcWen Sciten der 
Glastafel Obereinandcr gcsiapclt werden und bewirken 
dann z. B.giekrhzeilig das AnlasscndesGlascs. 
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<54) COOLING OP SHEET GLASS 




(71) CoBNiNG Glass Works, a 

caipan^ifln ozgatiised under Hxe laws of the 
State of Nw Yo±, Uoited States of 
Amedca. of Coming New Yoifc 1483a 
United States of America, do hsxdby de- 
dare the inventicm, for which we pray that 
a patent may be granted to us, and die 
method by wlHch it is to perGotmed, to 
be |>articularly desciibed m and fay the fol- 
lowing statetnent:— 
This inventkm rdates to fiie cooling of 



When forming sheet material from moU^ 
^aas it is necessary to increase the viscosity 
of the molten glass by redndng its tempera- 
ture In order to mftmtgln the integrity 
tiie newly fonned sheet. In the formation 
zon^ in whidi the molten ^iass is still m a 
fluid state adjacent die point of draw, it Is 
a known exp&dlsit selec&vdy to app^y" cool- 
ix^ m small increKuents ara'oss the width 
of slieet in order to reduce ^daiess 
variation within the However^ the 

purpose of sndi cooing is not rqiidly to 
extract heat in ort^ to s^ up and maintain 
ibe integrity erf the newly formed sheet, but 
rath^ selectively to cool small <fefiign<^t<^ 
areas in order to provide a more uniform 
thickness distribution across &e width of 
the sheet such as shown by the bayon^ 
coolm <d U.Sj4l Patent Spedfication No. 
3^223^502. 

After tile newly formed fiheet is wiOi- 
drawn from the forming zone^ ^i4iich may 
indude a debiteuse block or draw bar in 
an updraw or a dlsdiaige orifice or forming 
wedge in a downdraw, it is customary to 
appl^ g^ralized coolmg to the sheet in & 
transition zcme prior to conveying the sheet 
to an annealer. Hbweverp the known m^hodd 
and apparatus at present bdng utilized have 
not hem entirely satisfactory since the direct 
appllca^ of cooling air or otiier gases to 
tiEe sheet produces undeskable air flows and 
convection currents whidi result in uneven 
cooling across the width. Ftirther, air fbws 
along tiie sheet {produce a diimney effect 
which may even mterfere with the normal 
functions of tiie fomung zone or annealing 
area. 

[Price 25p] 



As shown in previously mentioned U.Sj\. 
Patent Spedficatton No. 3^^ as weU 
as U.S.A. PatCTt SpedfiuMtion No. 2.896376, 
the use of water coolers has been en^loyed 
in tlie transition zone adjacent the newly 
fonned £&eet in order to remove undeshable 
heat However, the watw cooled containers 
not only have a t^dency to produce un- 
even cooling across the width of the sheet, 
since the t^perature of the water entenng 
the cooler on one side of tfie sheet is lower 
tiian the temj^irature of the water leaving 
the cooler on the opposite side of the sheet, 
but also the metailzc walls of the water 
coolers tend to create convection currmts 
which produce m3d chimney e&cts and re^ 
suit in uneven cooUng across the width of 
the sheet In addition* both the total amount 
of heat yf/bldi could be removed in a given 
time poiod and the control of such ronoval 
are limited with the use of the known water 
cooling techniques. 

An <^ect of the presoit invention is to 
obviate me problems hezetoEore encountered 
in cooling newlv formed sheet ^iass In a tran- 
sition zone> without inducu^ convection cur- 
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According to the present invention there 
is provided, a method of rapidly and con- 
troOaUy coolmg ne^ formed ^eet 0as& 80 
drawn from a mdt into a she^ in a foxm- 
mg wnz and transfored ^ib still at an 
devated temperature to a trandtion zone 
wherdn a flow of hi^ vdocity cooling air 
is passed witiim a confined space behind a S5 
mU member composed of a material bavfaKg 
higjfi thermal conductivi^ and emisdvity 
and low thermal expansion spaced apart 
from and emiding across the width of the 
newly formed sheet of glass, die flow of 90 
coolhig air being in a direction wbldi is 
longitudhial to the draw of the glass dieet. 
and in wiikfa the rate of air flow can be 
varied in different s^ments across tiie widtii 
of the confined space if required. 95 

The invention also provmes an apparatus 
for carrymig out this metibod comprismg 
means for providing a high vdocity stream 
of cooling medium, means for varying the 
vekx% of the stream of cooliqg medium 100 



ac^ a Bonsing which is positioned in a tran. 

^J^f^"°^^ after it has been 
from a fimning area and which has 
to face the newly 
formed shert glass and fl*ich is conmosed 
c£j material having higji thermal 

<«^«obvity. and low thfirmT^^ 
10 of the wall a^ber 

10 and ftehousfflgfonning a confined passa» 
for tiie coohng medium stmm a^Ba 
wuffix commaisurate with tte widfii of fte 
nw^y formed sfaee* ^ass. 
i« the hivention makes it possible to cool 
'^|°5»*^'^»eetatrsignificaSt1S 
oontroB^le rate after such sheet has heen 
reinoTCd from us forming area. The tale 
at ^udi heat is removed fam a sheet 
20 £^o^*?^*°tal glass flow in the pro- 
the temperature charaitejstics 
wares the width of the dass shteL The 
memheis may be siMcon carbide sla^ 
liie newly fomed sheet, which may be m a 
^-Jnolteo state; radiates heat to fee finnt 
25 snr£K» of ttesili«m carbide slab. MdS 
is removal from the idab by means of hM 

vdoaty air ^sing withm titt confined <S 
A-^5f?!f/'*f'V"*y adjustable) 

JU oKdmg air flowing longitadinaUy of the 
draw ra^ than traasvettsdy. as W com- 
mon m the past 

.t.'"®.JS*^^"?°"°t <^ ^»at removal acnss 
the width of the sheet is a fonctioa of ^ 

35 air wWd. passes ovSftebS 

surface of Oie silicQn carbide slah^ and^ 
COTto^. flie rate of heat extracdon in tiie 
to^itm zone may be oojitroHed by regal- 

40 ^'B^ air vekwits;. Riwilation of the 

40 yrfoo^ mjw be obtamed^ex by adjust- 
ing fl» wi^ of the flow passage bdiind the 
silicon carbide slab or by r^ulating the 
oveaU flow rate applied to the sTOte^sudi 
as ^ mans of a mam dam^ ot flow 

45 control valv& In addition, difiteential cool- 
ing rates across the widfli of lie dass sheet 
may be obtemed through die use of mdividii- 
^ controIlBd dampffls or valves positkmed 

50 lSi^-**'^J*^*»«»«««^tohoii- 

3U jasposed segnients across the width 

of me mr coded ttan^&m honsmg lii 
fifsneiBl. dne to flte charactedstics of sheet 
. «I«wmgprMesses. edge portions «rf the sheet 
are generally thicker than central portions, 

55 and aocordmg^y it is prsferrfile to provid^ 

grratET cooling at the edges in Older to dhn- 
inate undesirable stresses wfaidh may cause 
the sheet to warp or fnctore. 

«> fflUcon cartede dabs, is preferably Irawn 
rarongt each transition housing by any snit- 
jWe mans sncfa as an edianst fan. As a 
result % uxtenor of eadt suci housinff 
BmamfamedatBiedncedom^veS 

65 sure with respect to the aijaoent^ 6^ 



1.354,006 



lOK ooOTT m the houdna it win imt flow 
mto OT disrupt the fbrm^ area. 

AWion^ ¥ ^ cooled hoaangs of the 
FTBoit mvfflitioa are primarily designed for 

ttaofl^ the transition zone from ihe^a^ 
^ Iwating elements 

faSfiST'^'?™" housings to not only 
wautate mitol start-i^ operations* but also 
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4_ t r^rrt op6raiion& out also 

glwlp st^ the draw shoiSd a 
brak-i^occBr m the operation. 

1 <Sl^*^v.^,.**^^*=^ to Patent Na 
1^ to a method of offiS^ 

new^&rmed glass sheet which oonmrises. 
^ectmg a plnrahty of indlvalaal gasans 
^Buns toward^ molien material fetmine 
ffleet Wj«gan^ such gaseous streanu 

W ^^J^.^™?*«» of ao nnintemipted 
w^menfter having high thermal coK 
to«y. low expansion and entissivity 
portioned between such str^lSdX 
newly formed sheet, confinmg the gas fiom 
«ich streams withm a hoosfal to p^Sft 
bom contKtmg the ne^form^dK 
and contooBing the amount of Sow in^ 
^ the widlh of such ^ 

^ absorbed fiom the glass 

Md conducted therethrough to the back^ 
face and provide a uniforSTten^aSre 
fflbso as to maintafai thicka^Onifbrffi 
across the width of the sheet, and toim 
^^us for controlfing the nnif ormity of 100 

a^^the width of newly foiiiS 
^^ glatt which coimirises. a houLg pc^ 

glass, a front wall lS| 
^S,"^^*?* ^ fomung^ 105 

^ exteadmg 
&e eflfective widQi of the newly *f^^ 
Aeet a pjurahty of fluid conduit tubesa^ 
tending within the housing and ariaS hi 
fluid conduit tube havhig an outlet aS 
^ &om the back 8uS»ce of ^ftS 
^ inamfold means providing a souiS^ 
^nnder preajire to t6e fluid anduit 
means for mdividuany i^jgulatiw flto^ 115 

tobe. the said front wall bemg formed of a 

Sl^^ havmgrelS^hLh 
Sp^,**°"^°=tivhy and emissivity soas 

w A ^^^.f*"^ ^ aoaduet such 
*e front waa for dissipation 
«^<ttBiv© to the control effect proriSi^ 

to the acconqianyn^g drawhigs- 

,^ ^ * .somewhat ^eioatk: end 
Sf^S Jft,"" inustrating a* 

an- cooled transition zone of ftepraSt in- 130 
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ventSon portioned ia a downdraw sheet 0ajs$ 
opeiattoiL 

Figure 2 is a side devatiooal view of one 
of die air cooled transition houshms shown 
5 in Figure 1. 

Figure 3 is a side elevational view of the 
housing structure with the exterior air ducts 
removed for clarity, and 
Figure 4 is a top plan view of the opposed 
10 air cooled transition bousiogs» pardaify cut 
away. 

Rjef erring now to the drawings^ and par- 
ticularly Figure 1. a pair of opposed air 
oDolfid transition housings 10 is shown posi- 

IS tioned in connection ymk a downdraw she^ 
E^ass fornmig operation^ The housings 10 
are positten^ in a tmnsitton zone 12 mter-* 
me^ate a fonning area 14 and an anneal- 
ing zone 16. Mdhm glass O in the forming 

20 area is &d through an orifice or along a 
forming wedge and pulled downwardly by 
suitable edge rollers 18 to form ^eet ^ass 
& Customarily, the refcactory housings 20 
surrounding the fonning area 14 are pro- 

25 vided with incremental cooling devices so 
as to eS&ct thfnknnss uniformity across the 
width of the dieet as It is being formed and 
while still in a nudten or semi-fluid state; 
Aldurag^ the thickness characteristics of the 

30 newly formed S passing into the tran- 
sition zone 12 d^ennined in the form* 
ing zone^ it is necessary to nanove a quan- 
tity of heat from the newly formed glass in 
the transition zone so as to maintam the in- 

35 tegri^ of the draw as the sheet is fed mfo 
further heat treating areas sudi as anneal- 
ing zone 16L Rj^ractory siqiport members 
22 for the transition housings 10 may also 
be formed of a hoDow construction and pro- 

40 vided with cooliqg means as desired. Sup- 
port member 22 coiild in fact take the fonn 
of an additional transition lx>using 10, since 
it has been found that a plurality of verdc- 
ally backed and indhnduaHy oontiolled air 

45 cooled transition Itousfa^ 10 can dkninate 
the need for a convoitional annealing zm^ 
As shown in Figure 1. both of the opposed 
air cooted transition housings 10 m idmti- 
cal with one anotiier. and accordingily only 
' 50 one such liousing will be described in detail 
The <^posed transition housings 10 may be 
supported in spaced r^ationshq> adjacent 
the drawn g^ass sheet by means of a com- 
mem supporting framework as shown in Fig- 

55 inres 3 ahd 4, comprising Jipn^st structural 
support memb^ 2i and horizontal support 
frame members 26. As diown partkularly 
in Figure 2. the housing 10, mcluding a 
front wall 28, a top waD 30, a bottom wall 

60 32. a rear wall 34 and end btocks 36 (down 
in Figure 4) provides a confined space 38 
f<^ the passage of air Iher^rouj^ As 
shown by the arrows in Figure 2. air is 
drawn into the houdng 10 thiou^ an inlet 

65 manifold 40 havmg a wiro mesh filter 42. 



The klet manife^ 40 is connected to a 
mounting bradcet 46 on rear wall 34 and 
is m communication wUh aligned inkt open- 
ings 44 formed throuf^ the mounting 
bracks and rear waH The ur is drawn 70 
tiiroug^ an adjustable gap or passage 48 
befamd ihe trmi wall 28 m a direction lon- 
gitudinal to the glass draw, and then out- 
wardly from confined space 38 through a 
plurality of outlet openings 50 forma! m 75 
mounting bracket 46 and bade wall 34. 

As shown more particularly in Figures 3 
and 4, mounting bracks 46 is provided with 
a plurality of <£videi5 52 which form five 
separate outlet <4>enhies 50 across the back 80 
of eadi housing 10. A plurality of exhaust 
ducts 54 are connected to -nnnimring btadcet 
46i with one such duct b^ng in communica- 
tion with eadi outlet opoiing 50. Each 
exhaust duct 54 is provided with an adjust- 85 
able valve or Uast gate 56 (FJguie 1). For 
the sake of daxity, the individual blast gates 
have not been shown in the ducts 54 of 
Figure 4. However^ as shown m both Fig- 
ures 1 and 4, the mdivklual eadianst duct 54 90 
of each housii^ 10 is in communication wifh 
a m^ eriiaust faeadcc 58, wfaidi, as shown 
in Figure 4. is provided witfi a mahi blast 
^Oe 60 for controlling the overall flow 
uuou^ the header 58, and a vacuum pro- 95 
dudng means such as an eiobtatist fan 62 
for pullipg Hu^ sor tfaiou^ the houmg 10. 

A heater hikidc assembly 64 Is shown as 
being slidably mounted on a plurality of 
rmls 66 widiin eadi housing 10. Hie heater 100 
block assembly 64 has a main refractory 
body portion 68 surrounded by an aq>anded 
metal casmg 70. and a forward heatmc por- 
tion TL indnding a plurality of dectiically 
energizable heating dements 74 position- 105 
ably r^ained within a suitable insnlatiTm 
material 76. The heater block assembly 64 
is provided with a bade plate 78 extending 
across its width, having a pair of adapter 
blocks 80 each provided with a retaming 110 
rmg 82 for rotatably supporting an adjust-* 
pent seem 84. A rigid block member 86 
is secured to mountmg bracket 46 in align- 
ment with each adapter block 80 and thread- 
aUy recdves one of die adjustment screws 115 
84, so that the heater block assembly 64 
may be adjustably moved inwardly and out- 
wardly within the confined space 38 of hous- 
ing 10 along slide rails 66 to adjiKt the 
tiiidcness ci confined passage 48 and ac^ 120 
cordingjy the vetodty of air passing there- 
through 

Exhaust fan 62 is nomiaSy operative to 
maintain a reduced or sub*atmosphedc pies- 
sure in hea(ters 58, as ddermined by the 125 
positton of main blast gate or valve 60. Air 
is accordingly drawn hi tlirou^ inlet mani- 
fold 40 ami inlc^ openings 44, along ad- 
justable ^ 48 adjacent the Wk surface 
ci the ^hoon carUde front wall 28 so as to 130 
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flow kngitudmaDy of die dkecdon of draw, 
and outwardly fluougjb outlet opesnings 50 
and exhaust ducts 54. la view of the &ct 
that each exhaust duct 54 is prodded with 
an individnally controlled valw or gate 56, 
and dnce each duct is in communication 
with one onflet cpemog 50 extending across 
a pied^exmined area of the width of hons- 
mg lOp it is poatfble sdectiv^ to control 
the amount of air pas^ oyer various hori- 
zontal poitkms of the ftont wall 28. That 
a, SQC6 Hbs edge portions of the newly 
fonned sheet ^ass are nonnally thicker 
than ccptral portions due to formmg char- 
actMistics^ it is nec^saiy to apply more 
coohng along the edge portbns to compen- 
sate for the greater volume of ^ass there- 
draig and produce even cooling along the 
nill width (rf flie sheet Thus, valves 56 in 
^sfaaust ducte 54 along outer edges of the 
meet are adjusted to a more open position 
than the centrally located ducts 54, to thus 
provide more coolhig air along the back sur- 
fece of front wall 28 adjacmt the edges of 
the she^ S. 

It win be understood, of course, that diis 
is merdy one illustration as to how the air 
velodly may be adjusted across the with 
<rf the back surface of front waB 28 to pro- 
vide uniform coolhig across die width of 
the sheet The individual valves 56 may be 
adjusted to compensate for other irr^ari- 
ti^ such as a wedge effect m the ^leet, 
whwe the opcaimg of rach valve would be 
adjusted comm^isurate with the thickness 
variation in ihe wedge, with a small valve 
openmg providing a rektivdy small amount 
of air to the area adjacoit the apex of die 
wedge, and a larger valve c^eaiiB^g provid- 
mg a rektivdy large amount of air to the 
area adjacent to the diickest portion of the 
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The cooling of die gjass is effected by 
the radiation of heat from die sheet to the 
fr^s*"*ace of wall member 23 and the 
effiective removal of such heat from the wall 
niraib^ by the passmg of the controlled 
Djgti velocity stream of air acio^ the back 
surface of the w^ membra*. The wall mem- 
50 b» is accordnigfy made of a material hav- 
ing iu^ enrisfflvity so as to absorb the 
radiant heat from tiie ^ass sheet, higji tha- 
mal conductivity so as to readfly transfer 
such absolved heat to the back surfece for 
55 quid: removal, and low thermal eitpMtiy?qn 
so as to avoid budding and tnaintfl fn a con- 
toious smooth BurCaoe exposure to the 
^leet ^a^ 

tibicfcness of flow pas«ige 48 witiim 
W the confined ^ace 38 of each housing 10 
IS adjustaHe to change die vdodty <rf air 
passmg over die l»cfc surface <rf tte front 
wail 28. hy moving heater block assembly 
46 mTOTdly and outwaidty atong rails 66 
o5 by means of adjustment screws M. Accor- 



dingly, for higher i^ass puEs, in vdiich a 
greyer volume of glass must be cooled 
widiin a ghren tnne period, the overall cool- 
ing rato may be inciea^ by mcreasing the 
vdcKzty across the back sur&ce of die fnmt 70 
waS 28 eidier by redudng tbe tfiteTrTB»i?s of 
gap 48 by means of adjustmort screws 84, 
or iby mcreasing the veloatjr througji the sys- 
ton by further opening mun blast gate 60. 
Altfaoi^ die heatorportum 72 is not denned 75 
to be absolutdy necessary to the operation 
of the device, the beadrng demaats 74 are 
advantageous for s upply i ng heat to the tran- 
sition zone ^uld a g^fl^ breakage occur, 
and also to facilitate the initial biinpog in 80 
of the system at start-up time, 

Aldiou^ it win be readily apparent that 
die operation of die device would be obvious 
to odie skilled m the art from the above des- 
criptor the foHowing specific example Is 85 
JDustradve the operatioiu A pair of air 
cooled-ttansidon hou^ngs having silicooi cttr- 
bide front walls about 1 inch thick were 
positioned approximately 5 inches on oppo- 
site sides of a glass draw fine with eadi 90 
front wan esteiding hoiiaontally about 3 
inchra bejnond each edge of the drawn she^ 
and forming a transition zone about 20 
indies hi^ A gap of 1 inch was provided 
widiin each air cooled tran^on housing 95 
between the tadc surface of die front wall 
and the front surface of tlie heats' block 
assembly, and air at room teanp^ature was 
drawn through the confined ^ace widiin die 
housmgs at a rate of 700 cubic feet per 100 
minute. Glass sheet flowing at a rate of 
1,550 pounds per hour was cooled by the 
air transition housings at the ratoof approzi- 
mately 15,(XK) BTirs per hour with die 
various valves in the e^diaust ducts being 105 
adjusted to maintam substantially unifom 
cooling across the width of die she^ 

Althou^ the invention has been des- 
cribed in asnnecdon vrith a downdraw g}ass 
drawmg process in wluch the sheet may be 110 
formed either by an orifice structure or a 
f onnmg wedge, it will be s^parent that the 
invention is equally applicable to an iqK 
draw she^ forming operadon. Further, al- 
thoi^ it is prefened to utilize a negative 115 
pressure system in the air transi^n housings 
for drawing the oooliog air therethrou^ so 
as to avdd undesirable ah: leakage into the 
air transiMon zone whidi may ddetemusly 
t&ci tile glass, pokdve pressure may be 120 
utilized if ademiate measures are taiken to 
prevent air le^^ge into the transition zona 
In aMdon. ahhougjh it is preferred to fiow 
die air throi^ the a^ustable passage with- 
in the o^ifined space in a longitudinal direc^ 125 
tion wliich is counter to die movanait of 
die sbsBt g^ass, a flow concurrent with the 
direction of draw may be utilized if a ooun- 
tercuirent flow is InopracticaL Since tlie air 
trai^tion housings are individuaQy con- 130 
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tndled« it is widiin the scope of the ptesoit 
iov^Mon to provide a plurality of stacked 
air tian&ilion housiiigs on c^yposite ^des of 
newiy fonned dieet to adjustably control 
5 the conditioning of tiie sheet in sl manner 
similar to an annffaling Idar, th^by elim- 
inatin£ tbe need for a conventianal anneal- 
ing knr. 

10 MiAT WEC3LAIMIS:— 

L A metiiod of lapldly and oontrollably 
coollAg newl^ form^ sheet glass drown 
from a melt mto a sheet in a forming zone 
and trsnsfe£red whUe still at an efevated 

15 temperature to a transition zone vriierdn a 
flow of !ii£^ veJodty cooling air is passed 
within a confined space bdbind a wall m^- 
b^ composed of a material liamig hig^ 
^ennal conductivity and ^nissiyity and low 

20 dienual expansion ^>aced apart from ml 
extending across tiw widdi of the neiv^ 
formed sheet of ijass. ito flow ol cooUng 
air being in a dkection whidi is len^ptedinal 
to the dncw of ^ass ^eet» and m which 

25 the rate of air flow can be varied in diSa- 
ent segmeots across the width cl the con- 
fined space if required. 

2. A method as claimed In dabn 1 
vAerein tlie velocity of the flow of cooling 

30 air passmg behind the wall monber is 
varied by varying the width of the confined 
space provided immediately bdiind such wall 
mCToer. 

3. A method as daimed in ddier pre- 
35 ceding dami wherein the cooling air flows 

tfarouffi the confined space m a direction 
countercurrent to the dbectian of draw of 
said itfie^ gla^^ . 

4. A method as claimed in any preoed- 
40 ing daim wheran the coolmg air is drawn 

timnig^ dbie confined space so as to main- 
tain a sub-atmosphraic pressnre ifaaewiifa 
' rdative to the IcmiUng zone. 

5. AmediodasdaSmed in any preceding 
45 claim wherdn a phnali^ of onOet flows 

axe provided across tiie widfli ot die con- 
fined space and the nte of eadi oad^ flow 
is ind^veodently regulated. 

6. A method of cooliiffi fismed 
50 sheet g}as8 substantially as Ascribed herein, 

with rebreaoe to die aoooo^anj^og draw- 
ings. 



7. An apparatus for carrying out the 
method daimed in dahn 1 compri^ng means 
for providing a Irigji velocity ^ream of cool- 55 
ing medium* means for varying the vdodty 
of flie stream of cooling medium and a hous- 
ing whidi is positioned in a transition zone 
so as to be adjacent a surface of newly 
fonned g}ass» after it has be^ r^noved from 60 
a forming area and whidi has a wall menob^ 
arranged to face the newly fonned sheet 
glass and which is composed oS a material 
having high thomal enussivity and conduc* 
ttvity. and low thermal expansion, the back 65 
surface of the wall mwbei and the housing 
formmg a confined passage for the cooling 
medium stream across a width ccnnm^osur- 
ate with the width of the ne^y formed sheet 
g^ass, ^ 70 

An apparatus as claimed in daim 7 
v^erdn ^ hoosing has inlet op^ihxgs and 
outlet openings for the cooling medimn, flie 
outlet openings hskng connected with means 
for conveying the cooling medium tfarou^ 75 
the confined parage in a direction counter- 
curroit to the du'ection of draw of the sheet 



9. An apparatus as dahned in claim 8 
wherein the outlet openings are connected 
with a series of outlet ducts across tiie hori* 
zontal width of thehoushi& eadi of the ducts 
bdng provided with valve means for rmi- 
lating the flow of cooling medium through a 
horizontal segmoit of me confined passage* 

10. An apparatus as dainoed in any one 
of daims 7 to 9 vrtmem the hoomut has 
adjustable means for varying the thidbieas 
ci the confined passagei 

11. An apparatus as dahned an any one 
of daims 7 to 10 vriierdn the houiung con- 
tidns he^isig means for providtaig heat to 
the transltton zone during start-up. 

12. An anpaxatna for coolmg newly 
drawn sheet ^tss sidstantiany as described 
hodn, with r^ence to the accompan^^ 
drawings. 

mJCINGTON AND FIFE^ 
Chartered P&tent Agents, 

¥BA H<dhom Houses 

52/54 Hig^ Hoiboni, 
London, W.CL 
Agents for tiie Applicants. 
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